Design of a cardiovascular dynamics parameters measuring instrument
The cardiovascular dynamics parameters measuring instrument is mainly composed of two parts: the hardware system and the software system. In what follows, the overall design of hardware and software systems of YF/XGYD Artery Stiffness Measuring Instrument (YF/XGYD) developed by Chongqing University are mainly described in this chapter.
Design of hardware system
The hardware circuit and gas path system of YF/XGYD is mainly composed of three parts: ①analog signals detecting circuit; ①digital control circuit; ①charge-discharge gas loop of electromotor. The overall design of hardware system is displayed in the following block diagram (Fig. 1) .
Fig. 1. The overall design of hardware system
In testing, place the object in sitting position, the brachial cuff is used around the left upper arm, near elbow joint, and the wrist cuff is used around the radial artery. The cuff is inflated by air pump under the control of single-chip computer. Simultaneously, pressure pulse signals in the cuff are collected through pressure sensors. When pressure of cuff reaches the preconcert set point, inflation of cuff is stopped. In the same time, pulsation of brachial artery stops because of the pressure of cuff. Then pressure of cuff decreases gradually when the deflation valve is working slowly according to programs in the single-chip computer. Brachial artery begins pulsing when pressure of cuff decreases below systolic pressure, and the pulsation increases as pressure of cuff decreases. Through pressure sensors, pulsation signals of cuff pressure, brachial artery and radial artery are converted into voltage signals. After these voltage signals are amplified and under filtering processing, we get three signals of appropriate amplitude. These signals include one signal of cuff pressure and two signals of pulse wave. Then these three signals are A/D converted into digital signals, with these digital signals to be analyzed and processed in single-chip computer. These digital signals can be sent to and then analyzed and processed thoroughly in host computer through RS232 series communication by single-chip computer. These contents of analysis and processing in host computer include that: real-time displays and records pressure waves of brachial artery, radial artery and cuff pressure; calculates parameter values through existing algorithm; saves tester's information, parameter values and waveforms; evaluates the artery's health condition of the object. The YF/XGYD artery stiffness measuring instrument and the field testing can be seen in Fig. 2 . Fig. 2 . The YF/XGYD artery stiffness measuring instrument and the field testing 2.2 Design of software system 2.2.1 The overall block diagram of software system The software system of YF/XGYD is based on virtual instrument LabVIEW 8.5. It is mainly used to collect and preprocess data signals, analyze and calculate blood flow parameters, and store, replay and print test results. The whole block diagram can be seen in Fig. 3 . Through utilizing the powerful function of data acquisition and digital signal processing of LabVIEW 8.5, we can collect and process these signals of pulse wave and cuff pressure. In addition, LabVIEW 8.5 has well function of database management and many kinds of tools and methods. So it can manage many different types of database. Users can utilize data control to access, add, delete and inquire existing different types of database. And users can utilize Visual System Manager (VSM) to establish and maintain many different types of database and generate database application program. Because those well functions of database management in LabVIEW 8.5, through programming we achieved storage management of patient file, including: database maintenance, query answering, statistical analysis and printing.
User interface design of software system
The user interface is very important component in interactive software system. A good user interface should have the advantages, such as perfect performance, simplified operation, reliable operation and accurate interpretation of results. Every part of the architecture block diagram of software system (Fig. 3 ) corresponds with function module and user interface in software system, respectively. To ensure the security of the software system, users could set a password in the secret code dialogue window which will be popped out when user starts the system. Only after entering the correct password, user can enter the main window. Users could utilize the function menus in the main window to achieve a variety of processing operations. The window interfaces in the system be generated by menu tool (Menu Editor) in LabVIEW 8.5 are all standard Windows pull-down menu system. To make the system easy to operate and make users easy to master, we take into account the following principles in the design of the menu: ①in design, organize system menu on the basis of functions, so users could know clearly structure and function of the system when they browse the menu; ①to give a meaningful title to menu against the specified function; ①to set hotkeys for these staple menus; ①to organize menu item according to frequency of utilization. The main window and its LabVIEW program code of YF/XGYD can be seen in Fig. 4 and Fig. 5 , respectively. The main window is relatively simple; in addition, in terms of function set-up, it includes three pull-down menus (the File, the Analysis and the Help) and three function-buttons (the Fast Test, the Full Parametric Test and the Exit). When the YF/XGYD system measures the cardiovascular active state of human, the system software will carry out data communications and synchronously draw graphics of these measuring signals. Furthermore, to visually and intuitively describe the process of inflation and deflation in cuff, the system can utilize progress bar control to dynamically simulate rising and falling of mercury column in sphygmomanometer when charging and discharging gas in blood press measurement by the stethoscope. The full parametric test window and its LabVIEW program code of YF/XGYD can be seen in Fig. 6 and Fig. 7 , respectively.
The interface (shown in Fig. 6 ) can be divided into three areas, such as the Function Button Area, the Test Waveform Display Area, and the Personal Data and Test Results Display Area. According to the needs of testing procedure, users could choose the Measuring Button, the Save Button, the Refresh Button, the Analysis Button, the Reset Button and the Print Button, respectively. When user clicks the Measuring Button, YF/XGYD system enters testing status. In this state, the host computer begins to communicate with the slave computer; in the meantime, cuffs are inflated; then the system displays real-time waveform variation value of three-way signals in the Test Waveform Display Area. These waveforms can be seen in Fig. 8 .
Fig. 8. Graphs of pulse wave and cuff pressure
The roles of function buttons are: ①the Measuring Button, to begin testing; ①the Save Button, to save measuring results, personal data, measuring waveforms, etc.; ①the Reset Button, to eject the Input Tester Data Sub Interface and re-input tester basic information (including ID, name, gender, age, height and weight) in this sub-interface; ①the Refresh Button, to empty personal data and measuring waveforms and wait for next test; ①the Analysis Button, to enter the Parametric Analysis Interface of Patient who have been tested (the interface and its LabVIEW program code can be seen in Fig. 9 and Fig. 10 , respectively), and to look over Diastolic initiation wave, Systolic decent wave and other cardiovascular parameters of patients; ①the Print Button, to print measuring results. . According to measured values of each parameter, the YF/XGYD system can estimate the cardiovascular status of the object. For example, the system can utilize vivid Graphic Correlation method to estimate the range of ASI value; waveform envelope shape of pulse wave is divided into five types (A, B, C, D, and E), so the system can synthetically estimate general situation of artery elasticity. In Fig. 11 , we can clearly see a 61-year-old patient's test result: systolic pressure is 149mmHg, ASI is 116, and waveform type of pulse wave is B, and so on. The test result indicates that the patient whose arteries are already mild stiffness has the tendency of potential artery disease. In addition, the system software has the Test Waveform Display Area interface. User can utilize the interface to examine, delete, recover and print patient's personal data and waveforms and results of each record. In order to facilitate contrastive analysis, different parametric results of every test are all displayed on the interface. Fig. 12 showes a patient's two test records (ASI is 200 in the first time and 190 in the second time) which reflect that the patient's arteries are moderately stiff. 
Establishment of database
The medical signal database with three data tables is created strictly in accordance with the relational model of database. The tables are: ①the table of patient's basic information, including ID, name, gender, age, height and weight; ①the table of patient's basic parameter, including pulse wave, cuff wave, heart rate, systolic pressure, diastolic pressure, mean pressure and stroke volume; ①the table of diagnostic results, to save the corresponding results in the field of diagnostic results.
Operation of database
The operation of database includes data browsing, data query and database editor that adds, modifies and deletes patient data. Inquiry statistic is a very important function in management system. The YF/XGYD system utilizes LabVIEW 8.5 well database management function to achieve the inquiry and statistics of relevant data. It takes a great of convenience to clinical and scientific researches. The edit function of database can achieve these operations to add, modify and delete patient records. Choosing the corresponding option in the menu, user can achieve the maintenance of patient records. According to the actual need, user can choose the print option in the menu to print patient records. It takes a great of convenience to analysis of patient's condition.
Data management module
Data store can be divided into file store and database store in LabVIEW 8.5. Database store can overcome the constraints imposed by file store which is proven unfavourable to data query and management, so the YF/XGYD system utilizes database to store data in the development of virtual instrument system. This improves running efficiency of the system. Through Open Database Connectivity (ODBC), LabVIEW communicates with the database. User needs to name database and install drivers in ODBC. Through third-party software (LabSQL), software communication interface between LabSQL and LabVIEW database is created. Users can utilize the interface to log in local or network database and establish, store, modify and manage this database. Data exchange between application program and database is achieved by calling the SQL execution module.
Data storage module
Users can respectively choose the independent storage and the statistics storage to store measuring data. Users can look over measuring waveforms, parameters and results of patient by the independent storage ways or save patient's measuring results to LabVIEW tables in the manner of statistical model by the statistics storage ways. At the same time, the system can create a homonymous Excel electronic spreadsheet. On account of large amount of waveform data, the method of examining data in Excel is inconvenient. The method of examining data in LabVIEW table will become necessary means for improving performance of examining data. And users can look over and compare large categories of waveforms by this method. Users can directly call Excel electronic spreadsheet for statistic analysis by SPSS software. A set of clinical test results after being evaluated and saved is shown in Fig. 13 , which is displayed under the LabVIEW environment. Excel electronic spreadsheet and this LabVIEW table have same file name and path, but different formats. Users can choose to analyze the whole measuring data or a certain measuring data or multiple measuring data to contrast and analyze by statistical method. Users can analyze in term of the repeatability these data which are gained by repeated measuring the same people. These measuring results of multiple hospitals can be saved as the same document and displayed synchronously. By and large, the efficiency of clinical analysis is greatly improved through the improvement of database. 
Algorithm, encoding and measurement of arteriosclerosis parameter
Many parameters of artery system can be measured by YF/XGYD system. PWV and ASI are the two most commonly used parameters among them. We mainly introduced the method of calculation, the programming of LabVIEW and the process of measurement of the two parameters.
Pulse wave velocity (PWV) 3.1.1 Definition of PWV
The systole and diastole of heart lead to the periodic change of blood pressures in whole arterial system, and the periodic contraction and dilatation of arterial wall, which force the pulse wave to propagate along blood vessels from heart to whole body (McDonald 1974; Qiao & Wu 2000) . PWV is mainly decided by the arterial physical parameters, such as arterial wall thickness and Young's modulus of elasticity. Therefore, PWV can reflect the changes of these parameters, and judge whether arteriosclerosis or not (Takenaka & Kobayashi 2004 ).
Calculation of PWV
In the system, a noninvasive method is used to measure the brachial-radial PWV (commonly abbreviated as BRPWV) by detecting, collecting and analyzing the pulse signals at brachial artery and radial artery simultaneously. BRPWV is commonly used for the degree assessment of human arteriosclerosis (Zhang et al. 2005) . Because pulse wave propagates from heart to peripheral arteries, pulse wave arrive at brachial artery firstly, then radial artery (McDonald 1974; Qiao & Wu 2000; Mark 2003) . We can measure the time difference t Δ of wave arriving at two measure point at brachial and radial artery, and the distance L Δ of two measuring points, namely the distance of two pressure sensors in two cuffs. Then we can calculate BRPWV as Eq. 1.
In order to obtain t Δ , the foot of the pulse wave need to be detected, namely the takeoff point D. Because of the existence of interference factors, the ideal pulse wave is hard to be obtained, namely the takeoff point D is not the trough location of pulse wave. In Fig. 14, point A is the trough of pulse wave, and point D is the takeoff point which is needed to detect. Obviously, the two points are not the same point, so the point D is needed to calculate using a special algorithm. The algorithm of detecting the takeoff point D:
Step 1. find the trough A 11 (,) xy and peak B 22 (,) xy of the pulse wave;
Step 2. establish the equation of line AB: 
Step 3. calculate the distance from a point on the waveform between A and B to the line AB, and find the maximal distance from a point which is the takeoff point D. After detecting the takeoff points of the brachial and radial pulse wave, the x coordinate different value of the two points is the time difference t Δ . The schematic figure of calculating t Δ is showed in Fig. 14. www.intechopen.com 
Arterial stiffness factor (ASI) 3.2.1 Definition of ASI
ASI is an important nondimensional parameter which represents the degree of blood-vessel stiffness (Sunthareswaran 2003; . ASI can indicate arterial wall elasticity, and serve as an independent predictor of cardiovascular diseases. It is also an important parameter of YF/XGYD system.
Calculation of ASI
In the system, we use the whole pulse waveform and the pressure curve of cuff to calculate ASI (Yao et al. 2007 ). Generally, we find out two peaks at the front and back of the maximum peak, which are closest approach to 80% of the maximum peak. Then, two cuff pressures corresponding to the two peaks can be obtained by a subprogram. Finally, ASI is calculated by multiplying the difference of the two cuff pressures by a special factor. In the measurement of ASI, the maximum peak Max P of the whole pulse wave is obtained firstly, namely the MAP of the pulse wave. Secondly, we need to find out two peaks of pulse wave whose values are the most approach to * 80%
Max P at the front and back of the maximum peak. The difference of two cuff pressures corresponding to the two peaks multiplies a special factor to get ASI. The schematic diagram of calculating ASI is showed as Fig. 18 . The equation of calculation is as follows:
Where, K is the correction factor which is relate to the particular case of tester, such as smoking, sex, age, and health. In LabVIEW, we use a subprogram VI to realize the calculation of ASI. The graphical code of the subprogram is showed as Fig. 19 . Fig. 19 . The graphical code of calculating ASI
Singular wave processing in actual measurement of ASI
In actual measurement of ASI, the pulse wave signal is greatly influenced by environment around the tested body Yao, He et al. 2007 ). For example, the saltation of respiration and the body shaking may product a few singular waveforms. This kind of interferences will not only influence the data collection, and may even generate invalid data. In order to remove the influence of singular waveform, we need to conduct a series of signal processing, such as filtering processing of moving average, deleting adjacent-wave, high peak and low peak, etc.
Deleting adjacent wave processing
In measurement, there are some adjacent waves generated from interference as shown in Fig. 20 . Pulse adjacent wave likely cause the detecting error of the systolic blood pressure and diastolic blood pressure. So we need to remove these pulse adjacent waves. Through a lot of waveform analysis, we summarize a method for detecting adjacent wave: if the time difference of two adjacent peaks is less than 100 sampling points, the two waves corresponding to the two adjacent peaks are judged to be adjacent wave. Fig. 21 showed the graphical code of adjacent wave processing. In measurement, a vibration of a part of body or other reasons probably cause the phenomenon of sharp peak in pulse wave as shown in Fig. 22 . If the system applies the singular sharp peak in analysis, the singular wave will be misjudged to be the position of mean blood pressure. So system must delete these singular sharp peaks. Through a lot of waveform analysis, we summarize a method for detecting singular sharp peak: (1) if the value of a certain point A of all pulse peaks surpasses 30 of front and back point of the point A; (2) if the value of a certain point A of all pulse peaks is more than 30 of front point, 10 of back point and 30 of back two points of the point A; (3) if the value of a certain point A of all pulse peaks is more than 30 of back point,10 of front point and 30 of front two points of the point A; we judge the point A is a singular peak when anyone condition is right. Fig. 23 shows the graphical code of sharp peak processing. Singular low peak cause measurement error of the systolic blood pressure and diastolic blood pressure easily. So we must detect and remove them from pulse wave for the performance of the system. An example of singular low peak is shown in Fig. 24 . Through a lot of waveform analysis, we summarize a method for detecting singular low peak: if a certain peak A of pulse peaks is lower than 15 of the front and back peaks of the peak A, the peak A is judged to be a wrong peak. Table 4 . Independent samples t test
From Table 4 , we can see that P equals to 0.003 between group 1 and 2, and 0.000 between group 3 and 4, which means both differences were statistically significant. But P equals to 0.994 for group 2 and 3, which means the difference was not statistically significant. It might be relative to the small size of the samples. The clinical trial demonstrates that PWV can reflect the difference among borderline hypertension, hypertension and normal group, and can be used as auxiliary hint for the diagnosis of hypertension. Table 5 . The results of ASI measurement Table 5 indicates that ASI is increasing with age gradually. The difference of ASI is very small about 75~85 in the group of age less than 60. But the difference of ASI is higher obviously in the group of age between 60 and 75. ASI of male and female subgroup reaches to 102 and 109 (P<0.05), respectively. The ASI difference of male and female subgroup in the other groups is small and not statistically significant (P>0.05). In addition, the repeatability of ASI measurement is better when the time interval of two measurements is more than 5 minutes.
ASI clinical trial

Conclusion
In this chapter, the hardware and software design of the arterial elasticity measurement system were mainly introduced. According to the oscillography principle and pulse wave theory, two cuffs were used to collect the pulse signals of brachial and radial artery in the system and realized an invasive, easy and quick measurement of PWV and ASI. The effectiveness and reliability of the system were demonstrated by a lot of clinical trial and data. The system can diagnose the condition of arterial elasticity and the degree of arteriosclerosis. The study results have certain application value for epidemiological survey, disease prevention and early detection of cardiovascular diseases.
